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A wide range of studies have demonstrated that human immu-
nity can vary significantly across demographics. In particular age-
associated declines of the immune system in older adults known as
immunosenescence has become an increasingly important field of
study. The impact of aging on immunity is associated with an
enhanced susceptibility to both infectious and non-communicable
diseases, and a substantial increase in disease severity and mortal-
ity. Immunosenescence can also limit the effectiveness of vaccines.

The concept of immunosenescence is particularly relevant
within the context of the COVID-19 pandemic. Age is one of the
biggest risk factors for severe disease and mortality associated with
SARS-CoV-2 infection, and the question of whether COVID-19
vaccines will work as well in the older adults remains an open
question. Given the rapidly aging world population and the threat
from both current and future pandemics, new approaches to
elucidate the dynamics of immunosenescence, as well as strategies
for designing vaccines that more effectively protect older adults are
both urgently needed.

Understanding immune age and its consequences

The global population of aging adults is rapidly increasing,
largely as a result of improved public health strategies that have
extended life expectancy. There are now an estimated 790 million
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individuals over the age of 65 worldwide, and that number is
projected to increase to 1.5 billion by 2050, at which point adults
over 65 would comprise one-sixth of the global population. This
represents one of largest demographic shifts in human history. One
of the implications of this shift is that there is a growing global
burden of both non-communicable and infectious diseases.

Underlying the chronological aging of the population is a biolog-
ical and even immunological age that affects how the body responds
to disease. The decline of the immune system is characterized by
increased and progressive dysfunction and deterioration of immune
function, including changes in the composition, frequency, and
function of innate immune cell types, as well as limited diversity
within B and T cell receptors, the chronic production of cytokines
leading to a continuous state of inflammation that is associated with
disorganized disease response, and age-related changes in primary
lymphoid organs [1,2]. Data from the current COVID-19 pandemic
demonstrate substantial variation in population-based severity of
disease, with age being a significant risk factorfor symptomatic
infection, hospitalization, critical illness, and death. The immunose-
nescence thatoccurs as the immunesystemages, and thedysfunction
associated with this, plays a significant role in COVID-19 disease
severity in older adults [3], as do many of the comorbidities that are
also risk factors forCOVID-19 severityandmortality. Recentdata from
the US Centers for Disease Control and Prevention show that adults
aged 65e74 years are 90 timesmore likely to die fromCOVID-19 than
18e29 year olds, while those over 85 years old are 630 times more
likely to die [4].
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Immunosenescence has also been associated with limiting
vaccine effectiveness, including for hepatitis B [5], pneumococcal
[6], and influenza [7] vaccines, among others. Various studies have
provided evidence that antibody titers and antibody quality are
both diminished in older adults as compared to younger adults [8].
However, this is not true for all vaccines. Vaccines that are more
effective in older adults utilize several strategies including: 1)
altering the route of administration, for example using intradermal
administration of inactivated influenza vaccines [9]; 2) increasing
the dose of vaccine, which is also used for inactivated influenza
vaccines [10], and 3) using vaccine adjuvants, which is the case for
the shingles vaccine. The Shingrix vaccine for shingles, which is
administered with the AS01B adjuvant, has generated 90% efficacy
in adults over age 70 [11], though the underlyingmechanism of this
augmented protection is not yet fully understood.

Implications for the current COVID-19 pandemic

The efficacy of COVID-19 vaccines among older adults worldwide
will have widespread implications for disease mitigation efforts,
reduction inmortality, and ultimately how fast the pandemic will be
blunted or ultimately ended. Currently the World Health Organiza-
tionhas set the target product profile for COVID-19 vaccines ashaving
at least 70% efficacy on a population basis with endpoint assessment
based on disease, severe disease, or shedding/transmission in the
preferred scenario, or 50% in the critical or minimal scenario [12].
Given high variation in demographic structures across countries,
vaccine efficacy may vary geographically. Countries such as Italy and
Japan have large percentages of adults over the age of 65.

Under current pandemic planning, approved COVID-19 vaccines
will be rolled out initially to high-risk groups, including healthcare
workers, older adults, and those with underlying conditions that
put them at increased risk due to limited capabilities to manufac-
ture enough vaccine. Effectiveness of such vaccines within older
adults, as well as the as the number doses required for protection,
will significantly impact how rapidly the pandemic can be
controlled and eventually ended within this sub-group. Sub-group
efficacy may play a critical role in determining the utility of this
limited global resource.

Vaccine acceptance and uptake are also important factors in
determining how quickly the pandemic will subside. Recent polling
showed wide global variation in the acceptance of COVID-19 vac-
cines. In the US, a recent study found that vaccine efficacy was the
single most important indicator of vaccine acceptanced only 61%
of those surveyed indicating they would take a vaccine of
90% efficacy, with acceptance dropping as efficacy declines [13].

There are now several hundred vaccine candidates in various
stages ofdevelopment,withabout 10 candidates currently inPhase III
efficacy trials. The earliest signals of vaccine efficacy are just begin-
ning to emerge. Questions remain about the efficacy of COVID-19
vaccines in key subpopulations such as older and elderly adults. In
response to the rapidly spreading SARS-CoV-2 pandemic, vaccines
wereprioritized that could be rapidly developed andhaveprogressed
through the pipeline with unprecedented speed. Most of these lead
vaccines however are based on vaccine platforms or approaches that
have been associated with lower immunogenicity, the need for
multiple doses, andmore narrow immune responses [14]. Depending
on the level of efficacy seen for the initial portfolio of COVID-19 vac-
cines, it may be necessary to reformulate or develop a next-
generation of COVID-19 vaccines, particularly to protect the vulner-
able subgroups of older adults and the elderly. Next generation ap-
proaches could incorporate live-attenuatedvaccines,which generally
provide fuller andmore potent immune responses, but take longer to
develop, or theuseof adjuvants, doseescalation, oralternate routes of
administration as mentioned above for existing vaccines.
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In addition to optimizing COVID-19 vaccines for older adults, the
dynamics of a rapidly aging world make it critical for additional
clinical research into protecting older adults. To date, research on the
aging of the immune system have had several gaps. Firstly, animal
models for gauging the impact of immunosenescence are lacking.
Mice have been used to understand key issues such as adaptive
immunosenescence despite the fact that mice age on a very different
time scale than humans, among other differences in biology and ag-
ing. Secondly, studies with human samples have largely been limited
to in vitro studies and notmore predictive in vivo studies [15]. Finally,
new tools, including the advances in systems biology, have yet to be
applied fully to the study of immunosenescence. These tools offer the
potential to broaden the understanding of differences between older
and younger populations, and look at immune responses across the
body. Longitudinal studies remain the gold standard for life course
studies, andwhen combinedwith a systems biology approachwould
offer scientists the opportunity to unravel theunderlyingdynamics of
immune aging, as well as interventions to improve disease outcomes
and vaccine effectiveness in older adults [16].

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

[1] Oh, SJ; Lee, JK; Oh, S-J; Lee, JK; and Shin OS. Aging and the Immune System:
the Impact of Immunosenescence on Viral Infection, Immunity and Vaccine.

[2] H.L. Thompson, J. Megan, M.J. Smithey, C.D. Surh, N. Nikolich-Zugich, Func-
tional and homeostatic impact of age-related changes in lymph node stroma,
Front. Immunol. (14 June 2017|), https://doi.org/10.3389/fimmu.2017.00706.

[3] Song, C-Y; Xu, J; He, JQ; and Lu, Y-Q. Immune dysfunction following COVID-
19, especially in severe patients. Sci. Rep. volume 10, Article number: 15838
(2020).

[4] https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-dis-
covery/hospitalization-death-by-age.html accessed 10 22.

[5] R.A. Tohme, D. Awosika-Olumo, C. Nielsen, S. Khuwaja, J. Scott, J. Xing,
J. Drobeniuc, D.J. Hu, C. Turner, T. Wafeeg, U. Sharapov, P.R. Spradling, Eval-
uation of hepatitis B vaccine immunogenicity among older adults during an
outbreak response in assisted living facilities, Vaccine 29 (50) (2011 Nov 21)
9316e9320.

[6] A. Ortqvist, J. Hedlund, L.A. Burman, E. Elbel, M. Hofer, M. Leinonen,
I. Lindbald, B. Sundelof, M. Kalin, Randomised trial of 23-valent pneumococcal
capsular polysaccharide vaccine in prevention of pneumonia in middle-aged
and elderly people. Swedish Pneumococcal Vaccination Study Group, Lancet
351 (9100) (1998 Feb 7) 399e403, https://doi.org/10.1016/s0140-6736(97)
07358-3.

[7] M. Rondy, N. El Omeiri, M.G. Thompson, A. Leveque, A. Moren, S.G. Sullivane,
Effectiveness of influenza vaccines in preventing severe influenza illness
among adults: a systematic review and meta-analysis of test-negative design
case-control studies, J. Infect. 75 (5) (2017 Nov) 381e394.

[8] M. Rondy, N. El Omeiri, M.G. Thompson, A. Leveque, A. Moren, S.G. Sullivane,
Effectiveness of influenza vaccines in preventing severe influenza illness
among adults: a systematic review and meta-analysis of test-negative design
case-control studies, J. Infect. 75 (5) (2017 Nov) 381e394.

[9] A. Wagner, E. Garner-Spitzer, J. Jasinska, H. Kollaritsch, K. Stiasny, M. Kundi,
U. Widermann, Age-related differences in humoral and cellular immune re-
sponses after primary immunisation: indications for stratified vaccination
schedules, Sci. Rep. 8 (2018) 9825.

[10] L.B.S. Gelinck, B.J.F. van den Bemt, W.A.F. Marijt, A.E. van der Bijl, L.G. Visser,
H.A. Cats, G.F. Rimmetzwann, R.P. Kroon, Intradermal influenza vaccination in
immunocompromized patients is immunogenic and feasible, Vaccine Volume
27 (Issue 18) (21 April 2009) 2469e2474.

[11] A.L. Cunningham, H. Lal, M. Kovac, R. Chlibek, S.-J. Hwang, J. Díez-Domingo,
O. Godeaux, M.J. Levin, J.E. McElhaney, J. Puig-Barber�a, C.V. Abeele, T. Vesikari,
, et al.D. Watanabe, T. Zahaf, A. Ahonen, E. Athan, J.F. Barba-Gomez,
L. Campora, F. de Looze, H.J. Downey, W. Ghesquiere, I. Gorfinkel, T. Korhonen,
E. Leung, S.A. McNeil, L. Oostvogels, L. Rombo, J. Smetana, L. Weckx, W. Yeo,
Heineman, TC for the ZOE-70 study group. Efficacy of the herpes zoster
subunit vaccine in adults 70 Years of age or older, N. Engl. J. Med. 375 (2016)
1019e1032, https://doi.org/10.1056/NEJMoa1603800.

[12] WHO target product profiles for COVID-19VaccinesVersion 3-29April2020.
https://www.who.int/publications/m/item/who-target-product-profiles-for-
covid-19-vaccines.

https://doi.org/10.3389/fimmu.2017.00706
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref5
https://doi.org/10.1016/s0140-6736(97)07358-3
https://doi.org/10.1016/s0140-6736(97)07358-3
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref7
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref7
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref7
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref7
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref7
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref8
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref8
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref8
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref8
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref8
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref9
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref9
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref9
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref9
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref10
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref10
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref10
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref10
http://refhub.elsevier.com/S0006-291X(20)32020-9/sref10
https://doi.org/10.1056/NEJMoa1603800
https://www.who.int/publications/m/item/who-target-product-profiles-for-covid-19-vaccines
https://www.who.int/publications/m/item/who-target-product-profiles-for-covid-19-vaccines


T. Schenkelberg Biochemical and Biophysical Research Communications 538 (2021) 218e220
[13] S. Kreps, S. Prasad, J. Brownstein, Y. Hswen, B.T. Garibaldi, B. Zhang,
D.L. Kriner, Factors associated with US adults’ likelihood of accepting COVID-
19 vaccination, JAMA Netw Open 3 (10) (2020), e2025594, https://doi.org/
10.1001/jamanetworkopen.2020.25594.

[14] K.R. Porter, K. Raviprakash, DNA vaccine delivery and improved immunoge-
nicity, Curr. Issues Mol. Biol. 22 (2017) 129e138, https://doi.org/10.21775/
cimb.022.129. Epub 2016 Nov 10. PMID: 27831541.
220
[15] Stephen N. Crooke, et al., Immunosenescence and human vaccine immune
responses, Immun. Ageing : I & A 16 25 (13 Sep. 2019), https://doi.org/
10.1186/s12979-019-0164-9.

[16] W.C. Koff, M.A. Williams, Covid-19 and immunity in aging populations - a new
research agenda, N. Engl. J. Med. 383 (9) (2020 Aug 27) 804e805, https://
doi.org/10.1056/NEJMp2006761. Epub 2020 Apr 17. PMID: 32302079.

https://doi.org/10.1001/jamanetworkopen.2020.25594
https://doi.org/10.1001/jamanetworkopen.2020.25594
https://doi.org/10.21775/cimb.022.129
https://doi.org/10.21775/cimb.022.129
https://doi.org/10.1186/s12979-019-0164-9
https://doi.org/10.1186/s12979-019-0164-9
https://doi.org/10.1056/NEJMp2006761
https://doi.org/10.1056/NEJMp2006761

	Vaccine-induced protection in aging adults and pandemic response
	Understanding immune age and its consequences
	Implications for the current COVID-19 pandemic
	Declaration of competing interest
	References


